4 U'f 



Swedish Patent No. 121,737 



Translated from Swedish by the Ralph McElroy Co., Custom Division 
2102 Rio Grande, Austin, Texas 78705 USA 



Code: 263-5334- 



SWEDISH PATENT 

DESCRIPTION PUBLISHED BY THE ROYAL PATENT AND REGISTRATION OFFICE 

PATENT NO. : 121,737 



Class : 

Application No. : 
Application Date: 
Publication Date: 
Granting Date: 



5 a:41 
4195/1940 
October 28, 1940 
May 25, 1948 
April 1, 1948 



A PROCESS FOR THE IN SITU EXTRACTION OF OIL FROM SHALE BEDS AND 

SIMILAR FORMATIONS 

Applicant: F . Ljungstrom 

Svenska Skifferolje 
Aktiebolaget , Orebro 

The present invention refers to a way of extracting oil from 
shale rock and similar beds in situ by means of channels which cut 
through the shale strata, are supplied with heat for the heating 
of the shale bed, and which are separated from the outlet boreholes 
formed in the shale by means of shale rock sections in between. 
The object of the invention is to achieve an improvement of this 
established procedure, in particular with regard to the quality 
and composition of the extracted products, which is essentially 
obtained by embedding heating elements which are preferably heated 
electrically, in heating boreholes, and which have smaller cross 
sections than the cross sectio'ns of the boreholes and by introducing 
into the interspace between the channel wall and the heating element 
thus obtained a filling that transfers heat from the heating element 
and the shale and simultaneously counteracts or prevents, respec- 
tively, a flow of the oil products gasified from the shale in the 
direction towards and along tne heating element. 



The invention will be more thoroughly described below with 
reference to the modes of implementation as shown in examples 
illustrated in the enclosed figure, and other accompanying charac- 
teristics of the invention which will also be discussed. 

Figure 1 illustrates a section through a part of shale bed, 
in which the arrangement of a heating element installed according 
to the invention for the accomplishment of the process is shown. 
A vertical section through a rock formation according to a modified 
design is shown in Figure 2, and a flat view of this latter design 
is in Figure 3. 

In a shale bed, 2, vertical channels, £ in Figure 1 and 9 in 
Figures 2 and 3, are drilled, in which heating elements are embedded. 
These can consist of coiled pipe 4_4 according to Figure 1, equipped 
with inlet 3_2 and outlet 3_6 for a hot medium, gas or steam, which 
then remains separated from the surroundings during its passage 
through the coiled pipe 4_4. The pipe 4_4 can in addition be designed 
as an electrical resistor and function both for the fluid conduction 
of the medium mentioned and for the development of heat accompany ing 
an electric current. With the design according to Figure 2 an 
electric heating element r7 is used. After the heating element 
has been inserted the channels are filled with backing sand a 
maleable substance, respectively, such as cement, clay or other 
suitable filler. The channels can be closed at the upper ends by 
collars 21, 2_S which must necessarily be cemented into the rock 
foundation. On top of the shale bed 2_ there is often an overlying 
stratum of lime £7 (Figure 2) with a thickness of several meters. 
Then the electrical resistance is only active within that portion 
of hole 2/ which is surrounded by the oil-bearing shale. In other 
words, the -electric current at the level of the lime layer is con- 
ducted through low resistance wires and therefore thermoelectric 
heat is not developed here to an appreciable extent. 

Besides the channels mentioned above, exhaust holes 8 according 
to Figures 2 and 3 are made in the shale bed, through which the 
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products formed during the dry distillation [carbonization] are 
evacuated, and which consequently do not contain any heating ele- 
ment. These exhaust holes 8, which are sealed from the limestone 
at the top by collar 27, are connected through ducts 52 to a con- 
denser which is best cooled by either air or cooling water. 

At the surface expanse of the shale bed, channels 9 and 8, 
respectively, are arranged in such a way, as exemplified in Figure 
3, that a heat-supplying channel 9 is surrounded by a number of 
exhaust holes 8. It is particularly advantageous to carry out the 
heating of the shale bed so that a wave of heat is transmitted 
horizontally through the shale bed, for example in the direction 
from the line of holes 4_0 in Figure 3 towards the line of holes 
41 through a successive connection of the heating elements, 
"When this heat wave in part of the shale bed reaches a temperature 
of about 300°C, or prior to this, the shale begins to release 
combustible gases which in part are condensable and in part not 
condensable and which are conveyed to a condenser, common to a 
plurality of channels 8 which separates the former from the latter." 
The incondensable gases can be used, for example, for the preheating 
and heating, respectively, of a new. zone of the shale bed with an 
arrangement as depicted in Figure 1. The duration of the degasi- 
fication periods may be adjusted to the desired degree, by such 
variables as the distance between the holes, which can be, for 
example, 1/2 to 2 meters. The maximum temperature of the mentioned 
heat wave can amount to approximately 500°. 

The hydrocarbons formed during the distillation process in 
the shale rock include condensable products from the lighest 
petroleum [gasoline] to the heaviest oil. Because the heating 
channels according to the invention are filled, the result is that 
the hydrocarbons are driven in the direction of the outlet channels 
8, and thus away from the hot heating elements. Otherwise, of 
course, the hydrocarbons would find their way to these elements 
to a large extent, especially in the lower part of the shale layer 
because of the high rock pressure prevailing there. The extraordinary 



advantage is thus gained that an unwanted cracking of the oil pro- 
ducts is essentially avoided. The heating method according to the 
invention therefore allows recovery of a considerably greater 
percentage of high-grade gasoline products than with presently 
familiar methods. 

While a shale bed section is being supplied with heat, an 
expansion of the shale sets in, at least in the beginning, in the 
longitudinal direction of the heat supply channels, and thus in 
such a direction as to cross the shale layers. If a number of such 
channels are simultaneously heated then these create within the 
shale mass static pillars of heat with a greater height than that 
of the colder shale mass located in between them. This shale mass 
therefore becomes affected by forces directed in a vertical direc- 
tion, the effect of which is to separate the different strata of 
shale from one another, so that the combined vertical displacement 
of these plus the gaps formed between the strata of shale approach 
a configuration that corresponds to the shale layer at its highest 
temperature around the heated channels. In a cross section the shale 
layer assumes the appearance shown schematically in Figure 2. On 
the other hand the shale layer within zones 54 limited by the dotted 
lines 53 in Figure 3 of the shale mass shows a falling temperature 
from the holes 9 to the holes 8, and within the resulting temperature 
differences the degasif ication can be considered to continue at 
different temperatures, for example from 300» to 500'. A certain 
molecule which is released from the shale mass at point 39 during 
the dry distillation process will on its way from this point to the 
outlet hole 8 pass through temperature zones of lower temperatures 
than that existing at point 39. 

The pipe system shown in'Figure 1 can be used for different 
neatxng purposes by allowing the existing channel in a previously 
degassed hot zone of the shale bed to conduct a fluid stream by 
means of pi pes lald on the ground> Air# ^ . ^ ^ ^ f 

Tl VI h6ated " Pr ° CeSS the " 56 led to * '«annel i» • 

shale bed zone where the oil extraction is to be started or is 
already in progress. 
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After the rock mass has been degassed, it wholly or partially 
consists of what is called shale coke, which indicates that after 
the gases are driven off, combustible carbon remains in the shale. 
According to the invention the rock mass can be ignited before or 
after cooling and the residual shale coke can be oxidized to shale 
ashes by introducing combustion air to the existing channel system. 
A very slow combustion that persists for several years can in this 
manner remain in progress, and the heat thereby generated can be 
utilized for various purposes, such as the heating of shale rock 
and hot water for homes, steam production, cultivation of plants, 
etc. According to the invention the cultivation of plants can also 
be carried out directly on the shale rock and in this way utilize 
the heat stored in the rock for a great many years. 

Patent claims ; 

1. A process for in situ recovery of oil from shale beds and 
similar rock layers by means of channels that penetrate the shale 
strata, and are supplied with heat for the heating of the shale 
mass and which are separated from the exhaust holes formed in the 
shale by means of shale bed sections in between, characterized by 
heating elements being embedded in the heating channels, which are 
preferably heated electrically, and which have smaller cross sections 
than the cross sections of these channels, such that the interspace 
thus obtained between the channel wall and the heating element may 

be provided with backing sand that transfers heat from the heating 
element to the shale and simultaneously counteracts or prevents, 
respectively, the flow of oil products gasified from the shale in 
the direction towards and along the heating elements. 

2. A process according to claim 1, characterized by the inter- 
space being filled with a cast compound. 

3. A process according to claims 1 or 2 , characterized by 

the fact that a heating element in the form of a pipeline is brought 



Page 6 



down into the heating channels, and the inner part of the pipeline, 
through which is led a hot medium, is entirely separated from the 
channel and that the heat supply to the pipeline is also produced 
electrically. 

4. A process according to one of the previous claims, char- 
acterized by the fact that the channel system made in the shale 
bed is utilized for regenerative heating of the rock mass in which 
channels in a previously degassed hot zone of the shale bed are 
connected with pipelines over the ground and are allowed to conduct 
a medium which is heated in this zone, and also characterized by 
the fact that channels in an untreated zone of the shale rock are 
directly or indirectly supplied with energy utilized in this manner 
from the previously mentioned zone. 

5. A process according to one of the previous claims, char- 
acterized by the shale coke remaining in the shale rock after the 
degasif ication is combusted to produce shale ashes by introducing 
air into the available system of channels. 
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moler. Den n ;i in in hi vai im-va^ens maximi- 
lemperalur kan ii|»|>^a UN uiiiUrinj; * 1 ' * 

I)e vid dost ill.il ionsproresstn i sk ill'ei lier- 
tjet l)ildado kolvalena omfalla kimdrnsri liara 
pi o<tuk Lcr linn den lallasle lu-iisim-ii lill den 
Ivn^sla oljan. < it-iii Mil alt II pp\ :i i mil in^Uana- 
Irrna mi enlist uppl inmn^en ;iro i i;rn I >' Mtl :t 
nuns, all kolviHena foras i riklnin:; mot a\- 
luppskanalerna «, il. v. s. l»oi I Iran dr hela 
uppvarmnin^soleinenten. l\ljost sknllo niiiu- 
liwi-n kolvalena i slur ill si rack n in- snka sin 
viii* lill de>sa oteinenl. s|u*riflll i don nedre 
delen av skiflerla^el till loljrt av del dar 
radamle Ui'v-A iKM-t.vvUrl. Man vinmr salnn- 
,|., den ulomonUnlliKa lordelon. all on "ke 
miskva.d spallumK oiler k.aeknin:; av ol,r 
ma.duklorna vasenlli^eu nndvikes. t pp\aim- 
mu-Mnrtmlrn u ppl iimin urn im^ivor 

darioi- ulviiiniiiji av pi oernl nelll \ascnl- 

mora hoi; vii id ii;a hrnsinprtidu k lei all 
hillilU kiimla inclndei\ 

I ihIim vai .MrlilHorseln (ill Hi sk it forb. i - 
, t;n li iniia.l.T aiminstniic till all Imrja n.rd 
til ill \ itl - mil u :t\ skillern i viiniiH illi ui Nil ka- 
; 1:i 1,m uas l:in-(h ikluin-. vilkrn korsar skiller- 
la^ioii. Oin At anlal dylika kanatrr samwdi^t 
bliva foirmal lor u pp\ aminin-. hilda dessa 
inoui skilTrriiiassan slaende \ a i mrpelaro mod 
sti'Mfe hojdmali an den liu-llati drsamma ho- 
lii^ua ka'llare s k ii I \ i ma ssa n . Prima skil'ln - 
ltl " s v,i Mil tlarlV.r paverkad av i \rrlikali ikl- 
nm^m i;arndr kiaflrr. sum slrii\a ail skilja 
do nlika sk ii l\'i lai;r< u Iran \arandra. sa all 
dossas sainmaiila-ila verlikala mall pins mid- 
Ian skilTrrla^rrn uppkumna spaiterna nai- 
,„;, r si^ del. smn nnnsvarar sktlTrrla^rrl vitl 
diss lui-.Nla IrmperaUir krini; do npp\armda 
kanaUrna. Sk it lorla^ret far i srklion oil ul- 
seendo. s<mii N. hrmat iskl visas i lii;. 2. A autl- 
ra. siilan nppvisar > k i fiVr la -rrt in-'in <lo nn'<l 
shickadr Itnjrrna '►.'t In* a a sat lr zoiieriia .*4 
i ii- ;t av skiili-rmassan on laliaiulL' U-mpr- 
i.,lm I'r^n halm H lill lialcn S. tirh kan mom 
»lc »lar\nl r.»ri-koMiiii:nulr tern pirral nrdilt tr« n- 
srrna a \ n a sr. in -rn laiikas lorl^a \n\ olika 
U-mprraliiivr l.'rx. Iran .'UMl lill ."iUU\ Kn 
vi-s int»lrk\l si. 1. 1 vitl piinklm :('.) uikKt lorr 
dcslillalioiispi (.rrssru I'ri^orcs ur skiHcriuas- 
san. koniint i pa ^in xi\£ Iran <!cnna punkl till 
:i\ !i ppsli^lt 1 N alt pa s a* I a UmiI pC ral u r/oiuT, 
soiti alia uppvisa Mt^vc Uniprralur an tUn. 
stint rxish-iai vt<l punklrii iUI. 

|)t*l i I visadr UmI n in j^ssysU- iih'I kan 

aiiviimlas for ohka uppvarmiun^samlamal. 
m'mtm all n\ i rn redan av^asail liol zmi av 
skinVrltrrj^'l hi I inllii; Uanal lirint;as ^ciumii 
('aim- jord la^da Icdnin^ar ati nenomslroinmas 
av clt flnidnm. t. ox. lull, vatlrn idlrr im^a, 
sum liiiriimlrr nppv;iruH's och stalan t. ex. lo- 
des till rn kanal i en sk if ferboi ^zon, <iar olji;- 
u I vi n n i n ^ skall inkalas rcsp. pi^Ar. 

Scilnn iierj^niassjin av^iisals, ht>tur ilea hejt 
rllpr dclvis ;r\' s. k. sk if IcrknUs, d. v. s. t^aser- 
ua aro j\dii\na, men lira mttuirt ,knl finiuiS 



aniui k\ar i skiilrrn. latli-l ti ppi mimi u<')t kait 
Ikmi;ih;isn;mi l«Ht* rllrr rllrr .i v v s 1 1 1 u ni; ail- 
lamia's orli sk il I i t k ok son i dcnsaiiima I'tir- 
hrannas lill sk if I orask a, -ciiciii uili»ramk* a\ 
loi bi aim in -shil l i drl for» l"inl lii;a kanalsy- 
stt'inrt. I a i mvrktM laii^sam, iimln tnanija ar 
[la^aondr I m liraiinin- kan pa dclla salt fort- 
-a otlt drl darviil l»ililadr \aiind utnvltjaN 
tor "Itk a amlamal. sasoin tipp\armniii ( U :iV 
sk il Irrln'iL;, \arm\allfn lill Imshidir. . an L;- 
al string. \a\lodlin^ d. x lodl in*; kan awn 
rnlii^l nppl innini^cn mod lordH anltrin-as ili- 
rokl pa sU if I ti lirr-id . som pa sn siill timlor 
rn IAn^ Ifdjd av ar kan I ill*;Mi|n^nr:i si^ did i 
Ik I^i I mai;:i mim-i adr \aMiirl. 

PalontantiprAk: 

I. Satl all al\inna olja nr si. i f I ri l»i 
dvlikl in >ilii taitlid-l skill\rla^nn .skaiandf 
kanalt t. \ilk.i lilll'oras \aimo t«ii nppvarm- 
nini; .i\ sk il l< i mis sail nrli \ilka a'" ski Ida 
I i ,iit , .,v * , » .a ii .i i:u^" a "■. - 

didst nn lia nii:;^alidi' pallit'C a\ s k it Ha hi l t . 
kan ml 1 1 knal tlai a\. all i npp \ a rm n in -s| s - 
nalorna jn*dl« ras \ arimrlrnu nl . \i'ka lun- 
lradrs\is u pp\ ai mas |>a idrUtiisL orh 
\ilka liav.t '.limiii- I \ ii rsvk I ion s.i roa an drsv* 
kanalris 1 \ i k t i< 1 1 vi rra o*di all i * I * - 1 s;i er- 
liailna i o. j I a u i tin o i ltd mi-il.ni k . 1 1 1 a ! » a ! .i 
nt It s a i liici' irni. nl rl an l»i in ;,a s rn ivUmas^a 
villi ((HiiU'dl.it \ a i on. <\ i I _,a n in.!!. ill \ ii'U'i- 
cli'iiMiil r I ot li skitft'i'ti »mIi '..mi! i.-tiit mi»l\--:"- 
uur I't-sp. iiiilmidi.o sli .aiiiin^ a\ dt* m 

skilU'in lor^asai.'f • .1 j rpiod u k I r i n a i (ikln ; i:;_ 
iiii>| .h Ii latins nl.iti tl \ ar nu i !i in> !. i . 1 

\l. Sail t-nli^l pali'iil ansprakol I. k :i n a 
nal tlaia\. dl I iih I laii i n m mil il\.U-, (it ^Mi- 
liar I \ 1 1 1 1 1 a ss.i 

it. Sail * nli^i | • . 1 1 1 nl a n spi a krl I t'lrf kaf- 
nrtrrknal «laia\. all man i n p y \ a r i n n i 1 1 - ^ 
kanaUrna indi.a \ a i I iwelcii n*n 1 i l<a-m a\ i*n 
rt»rlt'(lnin l;, \ais inn- ar lull ax^lvill ; .Mi I..:- 
nalfil m il ;;fii'-m xitki'ii UaU-s i ll !n !t inr* 
iliitiu, xaijamlf \ai nn -lillforsol liU »■•.,) |n!- 
ninmii a\cn -krr pa rlokli'isk \a^. 

■I. Salt tnli^l ii.i-i.l a\ do I » . i ..■ - a - ■ 1 1 1 ! < ■ (-.:- 
Ii'iilanspi ;i U * 1 1 . k .i 1 1 in- ! to k n at dai.'\, at! 
i sl% il 1 1 i hot | nppla^na kanal>\ s'. nu t nl- 
nvlljas 1m ii i;itu i al i \ n pp vii i in n i n i; a\ !hm ;;• 
massan ^t n.iin .Ml Uanalt-r i in nalan a\:-.a- 
satl In I /on a\ sk i It filter viol lurl'lndas nn d 
lotlnint;ai nxi-r jord odt liriu^a.s it! ^011010- 
sliiiinntas a\ ill nittlinm, siin: w pp\ a nn'.s a** 
tltMina /.'Mi. im li all kaiialur i en oltt liamlLu! 
/.on a\ skilli tlit i -el diia kt tdler indtiekl til ! - 
loras nr tlen h m s| ii.i mmla /micji p*' della saM 
I ill vai :tl;if;i'ii onn 

0. Satl tiih-l namd av dt* fiMe^aoi\di: pa- 
tenla nspi J k rn. kaiinrlreknat d;ir;i\. alt i 
skill rriier^rl idlrr a\^asnin^rn k\;u - \.ir;i!u!r 
Kkit'lej knks. I ot In amies lill skil t craska ^ciium 
il^lorancle a\ lull i do! ft>rhanden \ n ande ka- 
!lu lay steme t . 
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Swedish specification 121 (3( 

Translation; page 1, second column, 3rd paragrepn, 
lines 10-17. 

"When this heat wave in part of the shale rock reaches a tempera- 
ture of about j>GO°C, or prior to thi;,, t;:e snaie L^ir.* to rj ive 
off com'uuotihle gases which in part are condensable ana in pari r.ot 
condensable and which are conveyed to a conJensor common to a plu- 
rality of channels which condenser separates the former from the 
latter. " 



